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CREAM SOLDER INSPECTION METHOD AND APPARATUS THEREFOR 



BACKGROUND OF THE INVENTON 
Field of the Invention 

The present invention relates to a cream solder inspection 
method which inspects whether or not the cream solder coated 
preliminarily on a printed circuit board is applied in a proper 
condition to solder an electronic part on a printed circuit board 
and achieves a more secure inspection about the cream solder 
by removing a non-soldered portion which causes irregular 

O 

-J3 reflection such as silk-printed portion , wiring pattern andbare 

□ pad located in the vicinity of that cream solder from an image 

_g photographed with a camera , and an inspection apparatus therefor . 

Ul 

rg Description of the Related Art 

For example, Japanese Patent Application Laid-open No. 
5-29674 has disclosed a conventional cream solder inspection 
method. According to this method, light having a wave length 
of less than 600 nm is irradiated to the cream solder formed 
on an electrode made of copper foil on the print circuit board 
from obliquely above and then, reflection light, reflected from 
the aforementioned printed circuit board is allowed to enter 
into a camera located above so as to obtain a bright/dark image. 
Then, the quality of cream solder applying area is determined 
according to this bright/dark image. 

According to the aforementioned publication, the quality 
of cream solder applying area is determined irrespective of 
presence/absence of a solder coating portion such as solder 
leveler or the quality of the cream solder is determined based 
on two-dimensional information so as to inspect the 
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three-dimensional shape of the cream solder. 

As for a method for coating the printed circuit board with 
the cream solder , a metallic screen containing small holes formed 
at its positions corresponding to cream solder applying positions 
is placed such that the aforementioned holes coincide with a 
cream solder printing face of the printing board and after that, 
the cream solder is applied to the printing face through the 
aforementioned holes in the screen. After the coating of the 
solder is finished, the screen is lifted up so that the printed 
cream solder is left at their applying positions through the 
holes in the screen. Then, the coating of the cream solder is 
completed . 

Under such a coating method for the cream solder, when 
the aforementioned screen is lifted up, the cream solder, which 
is applied to such a small area of a soldering area as seen in 
recent years , is scraped from a peripheral face of its top portion 
by an inner peripheral face of each hole in the screen as shown 
in Fig. 4(b) as compared to a normal shape of the solder shown 
in Fig. 4(a), so that the amount of the solder becomes 
insufficient . 

When the cream solder having such a configuration is 
inspected according to the technology disclosed in the 
aforementioned publication, that is, even in case of a printed 
circuit board having no solder coating portion like the solder 
leveler, it is impossible to detect that the cream solder is 
insufficient . 

Further, if there is a portion having no solder, such as 



silk-printed portion, wiring pattern and bare pad, in the 
vicinity of an inspection place , that is , there is a non-soldered 
portion, the non-soldered portion , which causes reflection like 
the soldered portion, is mixed in the photographed image of the 
cream solder. Thus, the method for inspecting the shape of the 
cream solder has such a problem that accurate detection of the 
cream solder is disabled . 

SUMMARY OF THE INVENTION 
The present invention intends to solve the above described 
problem and therefore, an object of the invention is to provide 
an inspection method for cream solder capable of inspecting 
applying condition of the cream solder securely by irradiating 
light to the cream solder from at least two directions alternately , 
capturing that reflected light with a camera, obtaining a 
difference between the captured images to detect the shape of 
the cream solder and detect insufficiency of the cream solder 
and further removing a non-soldered portion printed in the 
vicinity of the cream solder, and an apparatus therefor. 

To achieve the above object, according to an aspect of 
the present invention, there is provided an inspection method 
for cream solder for determining whether or not the shape of 
the cream solder is appropriate based on the information about 
the height of the cream solder by irradiating light from 
substantially besides in two directions opposing each other 
through a lighting means to the cream solder so as to obtain 
at least two images and obtaining a difference between the 
obtained images . 



According to a preferred embodiment of the present 
invention, light is irradiated to the cream solder from 
substantially besides in at least two directions opposing each 
•other alternately through a lighting means so as to obtain at 
least two images, a difference between the obtained images is 
calculated to obtain the information about the height of the 
cream solder and then, based on the information of the height 
whether or not the amount of the cream solder is appropriate 
is determined. 

According to another aspect of the present invention , there 
is provided an inspection apparatus for the cream solder 
comprising: camera disposed above a printed circuit board which 
is subject of inspection; lighting means disposed substantially 
in the lateral direction of the cream solder applied to the printed 
CP circuit board and for irradiating light to the cream solder in 

two directions opposing each other alternately; arithmetic 
operating portion which switches the lighting means to get a 
difference between at least two images taken with the camera 
to obtain a side inclined portion of the cream solder from the 
luminance introduced from the difference; and determining 
portion for determining whether or not the shape of the cream 
solder is appropriate by comparing the value of the side inclined 
portion obtained by the arithmetic operating portion with a 
preliminarily set reference value. 

According to still another aspect of the present invention , 
there is provided an inspection apparatus for the cream solder 
comprising: camera disposed above a printed circuit board which 
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is subject of inspection; lighting means disposed substantially 
in the lateral direction of the cream solder applied to the printed 
circuit board and for irradiating light to the cream solder in 
two directions opposing each other alternately ; image processing 
means for counting dimensions and area of an image of the solder 
taken with the camera; arithmetic operating means for computing 
the dimensions and area counted by the image processing means 
to obtain the amount of the solder; and control means provided 
with a program for inspecting the shape of the solder to control 
the respective means . 

According to a further aspect of the present invention, 
there is provided an inspection apparatus for the cream solder 
comprising : camera disposed above the printed circuit board which 
is subject of inspection; lighting means disposed substantially 
in the lateral direction of non-soldered portion such as 
silk-printed portion formed on the printed circuit board and 
for irradiating light to the non-soldered portion in two 
directions opposing each other alternately; and arithmetic 
operating portion which switches the lighting means to obtain 
a difference between at least two images taken with the camera 
and removes the non-soldered portion from the image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory diagram showing an allocation 
of a lighting means according to an embodiment of the cream solder 
inspection method of the present invention; 

Fig . 2 is a block diagram of the same inspection apparatus ; 

Fig. 3 shows an image taken with a camera while (a) is 
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an image obtained when light is irradiated from above, (b) is 
an image obtained when light is irradiated from the right and 
left directions, and (c) is an image obtained according to a 
difference between two images; 

Fig. 4 is a side view showing proper and improper cream 
solders, while (a) indicates proper solder and (b) indicates 
improper solder; 

Fig. 5 is a block diagram showing a second embodiment; 

Fig. 6 is a plan view of a lighting means; 

Fig. 7 is a flow chart showing a cream solder inspection 



as 

method; 



Fig. 8 is a differential image according to a difference 
obtained between images of a cream solder photographed by 
switching the light sources; 

Fig. 9 is an explanatory diagram showing an outline of 
an apparatus according to a third embodiment; 

Fig. 10 is a block diagram showing the same apparatus; 

and 

Fig. 11 is an image taken with a camera, while (a) is an 
image obtained when light is irradiated from the right and left 
directions and (b) is an image obtained according to a difference 
between two images . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, a first embodiment of the cream solder 
inspection apparatus of the present invention will be described 
with reference to the accompanying drawings. 

Referring to Fig. 1 , reference numeral 1 denotes a printed 
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circuit board and a pad la , which is conductive pattern , is formed 
on the printed circuit board 1 while cream solder 2 is applied 
on the pad la by screen printing as conventional. It is so 
constructed that the printed circuit board 1 is movable in the 
X-Y direction with a X-Y stage (not shown) . 

Reference numeral 3 denotes a lighting means fixed at a 
position apart from a top face of the aforementioned printed 
circuit board 1 by about 5-10 mm, in which a plurality of light 
^ sources such as LED are disposed such that they oppose each other 

0 so as to irradiate light substantially in a horizontal direction . 

ess 

sp The light sources disposed in the opposing state are divided 

m 

etj by a switching circuit 6 which will be explained later so that 

p a ring of the light sources is divided to four sections equal 

Ljl in width and only the light sources located at both ends turn 

y 1 

q on alternately. 

^ Reference numeral 4 denotes a camera such as a video camera , 

which is fixed at a position apart from the top face of the printed 
circuit board 1 by about 100 mm. The lighting means 3 and said 
camera 4 are arranged in a fixed positional relationship with 
each other such that an optical axis of the camera 4 coincides 
with the center of the lighting means 3. Alternatively, said 
fixedly arranged lighting means 3 and the camera 4 may be adapted 
to bodily move in X-Y stage directions instead of the printed 
circuit board 1 . 

Next, a block diagram of Fig. 2 will be described . Similar 
reference numerals denote similar components and a description 
thereof is omitted. 
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Reference numeral 5 denotes an image memory for memorizing 
an image from the camera 4 and reference numeral 6 denotes a 
switching circuit for turning on the light sources opposing each 
other alternately in the lighting means 3. Each time when the 
lighting means 3 is switched by the switching circuit 6, the 
image memory 5 memorizes an image from the camera 4. 

Reference numeral 7 denotes an arithmetic operating 
portion which obtains a difference of luminance between two 
images of the cream solder 2 when the light sources on both ends 
of the lighting means 3 are alternately turned on, said cream 
solder 2 is photographed under such illuminations to store the 
frf image of the thus photographed cream solder 2 in the image memory 

5, and an area of a high luminance portion, length thereof or 
the like are calculated on the basis of information on the stored 
image of the cream solder 2. Reference numeral 8 denotes a 
determining portion which decides whether or not the shape of 
the cream solder 2 is normal by- comparing a value from the 
arithmetic operating portion 7 with a predetermined reference 
value . 

Next, an operation carried out under the abovementioned 
structure will be described. 

First, Fig. 3(a) shows an image taken with the camera 4 
with all the light sources of the lighting means 3 turned on. 
When light is projected to the truncated cone cream solder 2 
from substantially j ust beside and this condition is photographed 
with the camera 4 located just above, the shape of the cream 
solder 2 must be determined according to this information because 
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the luminance of a side inclined portion of the cream solder 
is intensified . However , because the cream solder 2 is a particle 
of several tens microns and the top face thereof is not completely 
flat , it produces irregular reflection with light proj ected from 
substantially just beside, so that a difference of luminance 
between reflected light from the side face of the cream solder 
and the reflected light from the top face cannot be obtained 
sufficiently - 

a 

%S Therefore, according to the present invention, the light 

fcjj 

O sources on both ends of the lighting means 3 are turned on 
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alternately with the switching circuit 6, so that an image from 
the camera 4 is memorized in the image memory 5 each time when 
the lighting is switched (Fig. 3(b)). Next, if a difference 
between the aforementioned two images is obtained with the 
arithmetic operating portion 7 , the top face , in which irregular 
reflection always occurs by lighting from both directions, is 
eliminated, so that an image, which has a high luminance on only 
its side inclined portions as shown in Fig. 3(c) , is obtained. 

The value of the inclined portion having a high luminance 
of this image is compared with the reference value set up 
preliminarily by the determining portion 8 , for example , an area 
value. That is, if the area of the portion having a higher 
luminance is larger than the reference value, it means that the 
side inclined portion of the cream solder 2 is mildly inclined, 
thereby to indicate that the amount of solder is insufficient. 
Thus , as the reference values , the area and length of the inclined 
portion are set to determine what level of luminance is 



10 



# 



iff 



appropriate at a certain level of inclination and then, this 
reference value is used for the comparison and determination. 

If the determining portion determines that the condition 
is defective, the fact that the shape of the cream solder 2 is 
defective is notified through one of various well-known methods . 

In the above described embodiment, in an image obtained 
by switching the lighting means 3, there is a difference of the 
luminance between the cream solder 2 near the light source of 
the lighting means 3 and the cream solder 2 far therefrom because 
the luminance differs depending on the angle of optical axis 
from the light source. In this case, by making correction on 
the basis of the difference of the optical axis, it is possible 
~ to achieve more accurate determination. 

S.I Although in the above described embodiment, a case of 

gfj employing the lighting means 3, in which LEDs are disposed in 

^ the form of a ring, has been exemplified, the similar cream solder 

appearance inspection may be carried out with a lighting means 
in which the LEDs are disposed in line. 

Next, a shape inspection apparatus of a second embodiment 
will be described with reference to Figs. 5-8. 

Referring to Fig. 5, like reference numerals are attached 
to the same component as the first embodiment and a description 
thereof is omitted. In case where the cream solder 3 is BGA, 
it is shaped in a truncated cone whose top is missing as shown 
in the Figure . In case of cream solder for chip, it is a trapezoid 
having a rectangular bottom face and a top face such that the 
area of the top face is smaller than that of the bottom face. 
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The reason why the top portion is smaller or in the truncated 
cone as shown in the Figure is that when a metal mask for use 
in printing is removed from the substrate, solder on the top 
end is absorbed by the mask so that it is removed . As the opening 
of the mask is decreased by employing finer pitch, that tendency 
is intensified. 

Reference numeral 4 denotes a lighting means in which a 
plurality of LEDs (light emission diodes) 41 are disposed in 
the form of a ring such that they are directed to the center 
of its circle and this lighting means illuminates cream solder 
from a position very near the printed circuit board 1 . The 
lighting means 4 is divided equally to four sections and the 
LEDs disposed so as to oppose as a result of dividing to four 
sections are turned on in succession. Reference numeral 5 
denotes a camera for takingpictures of the cream solder 3 disposed 
on the printed circuit board 1 from above. 

Referring to Fig. 5 , reference numeral 6 denotes a control 
means loaded with a program for carrying out solder shape 
inspection. Reference numeral 7 denotes an image processing 
means for counting dimensions and area of solder from the image 
of solder taken with the camera 5. Reference numeral 8 denotes 
an arithmetic operating means for computing dimensions and area 
counted by the image processing means 7 so as to compute the 
amount of solder. Reference numeral 9 denotes a determining 
means for determining whether or not the amount of solder is 
proper by comparing with the reference solder amount 
preliminarily memorized in the control means 6. 



Next, the method for inspecting the amount of solder based 
on the aforementioned structure will be described with reference 
to a flow chart of Fig. 7. 

In this flow chart, the operation will be described 
assuming that the printed circuit board 1 is carried into an 
inspection apparatus and the printed circuit board 1 is moved 
to a predetermined inspection position with the X-Y stage (not 
shown) so that a soldered portion , which is subj ect of inspection , 
is disposed below the camera 5. 

The lighting means 4 is turned on in the order of (1) , 
(3) , (2) , (4) as shown in Fig. 6 to take pictures of each image 
and those images are memorized in a memory (not shown) of the 
control means 6 (step Si) . 

Next, by obtaining a difference between images taken when 
the lighting means (1) , (3) and (2) , (4) are turned on each to 
obtain differential images shown in Figs. 8(A) , (B) (step S2) . 
Next, the differential images of Fig. 8 (A) , (B) are processed 
to obtain an average diameter [(al + a2)/2, (bl+b2)/2] between 
the top face and the bottom face from its edge components (step 
S3) . (Where al = a2 , bl = b2) 

Next, the amount of solder V is calculated according to 
a following equation. 

V = (h/3) • {Sa + _V(Sa • Sb) + Sb)} 

Here, h is the height of solder and Sa, Sb are areas of 
the top face and bottom face . 

If this is expressed such that radius 0t= ((al + a2)/2)*l/2) , 
p = ( (bl + b2) /2) -1/2) , it comes that V = n-h/3- (a 2 + <*P + p 2 ) . 



Then, by substituting each diameter into the 
aforementioned equation, the amount of solder V is calculated 
(step S4) . Finally, by comparing with the reference solder 
amount preliminarily memorized (stepS5) , a determination result 
is recorded or outputted (step S6) . 

Because h in the aforementioned equation is the thickness 
of metal mask, which is a known value, if it is intended to set 
up the reference solder amount VTH to be more than 7 0% the maximum 
value VMAX , it is permissible to obtain a value of 0 . 7-VMAX/7t-h/ 3 , 
memorize it in a reference table and then compare that result 
with a result of operation on an equation (a 2 + a-(3 + p 2 ) about 
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LFj on ly "the radius . 

s Although in the above embodiment, a method in which solder 

Q 

is irradiated with one (a stage) illumination light source has 

fji been described, it is permissible to execute step illumination 

Q 

^ of illuminating from two directions (two stages) of from above 

and from beside, count the quantity of pixels contained in an 
edge of each of a top face and a bottom face of an image provided 
by obtaining a difference between those image data so as to obtain 
the aforementioned Sa , Sb directly and then execute the 
operation . 

In case where the solder is shaped in a trapezoidal form 
such that it has rectangular bottom face and top face while that 
top face is smaller also, it is permissible to set up the lengths 
of sides of the top face and bottom face to be cl , dl and c2 , 
d2 by the aforementioned illumination so as to obtain those values 
and substitute them into an equation shown below to calculate 
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the solder amount V. 

V = (h/6) -{cl-dl+(cl + c2) -(dl+d2) + c2-d2} 
where a following approximate expression is established in case 
of (cl-dl/c2-d2) £0.7. 

V= (h/6) -2- (cl-dl+c2-d2) 

Thus , it is possible to determine whether or not the solder 
amount is appropriate from area of the top face and bottom face 
by counting the number of pixels. Therefore, after the area 
O ratio is compared, inspection time can be shortened by executing 

y3 the aforementioned simple arithmetic operation. 

o 

J£ However, if only the area ratio is compared, it becomes 
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more than 0 . 7 when the solder area on the bottom is small , thereby 
inducing an erroneous determination about whether or not the 
solder amount is appropriate. Thus, an accurate determination 
cannot be carried out until an actual solder amount is measured 
like the present invention. 

As described above , the present invention intends to carry 
out approximate operation about the amount of cream solder in 
fine solder based on information about the area of solder on 
two-dimensional plane. As the methods for measuring the 
dimension of solder and its area, various well-known methods 
are available. 

Next, a third embodiment will be described with reference 
to Figs . 9-10. Like reference numerals are attached to the same 
components as the previously described embodiments and a 
description thereof is omitted. 

Referring to Fig. 9, reference numeral lb denotes a 
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non-soldered portion which exists adjacent the pad la and is 
a portion having no solder thereat such as silk-printed portion 
indicating a part number or the like, wiring pattern and bare 
pad. In Fig. 9, the pad la and the cream solder 2 are expressed 
in exaggerated fashion because pad la and cream solder 2 are 
actually so small as compared to the size of the lighting means 
that drafting thereof on the same paper at the same scale are 
impossible. This is the case with Fig. 1 and Fig. 5. 

Meanwhile, because this embodiment has the same structure 
as Fig. 2 of the first embodiment described previously, a 
description of the block diagram is omitted. Then, an operation 
of this embodiment will be explained based on the block diagram 
of Fig. 2. 

First, the light sources of the lighting means 3 are turned 
on alternately by means of the switching circuit 6 and each time 
of that lighting means switching, an image from the camera 4 
is memorized alternately into the image memory 5. Next, by 
obtaining a difference between the aforementioned two images 
in the arithmetic operating portion 7 , the non-soldering portion 
lb in which irregular reflection occurs by lighting from both 
sides is eliminated and removed from the image. 

Thus , in case of inspection of the shape of the cream solder 
2, the non-soldered portion lb is removed from the image so that 
an image of only the cream solder 2 is provided. Therefore, 
it is possible to omit a procedure for inputting position data 
of the non-soldered portion lb and then removing it from a taken 
picture without affecting the inspection of the shape of the 



cream solder 2 . 

Next, an operation for carrying out the inspection of the 
shape of the cream solder by removing the non-soldered portion 
lb from the screen will be described with reference to Fig. 10. 

First of all, the light sources of the lighting means 3 
are turned on alternately by means of the switching circuit 6 
and each time of such switching of the light sources, an image 
from the camera 4 is memorized in the image memory 5 (Fig. 10(a)). 
O Next, by obtaining a difference between the two images in the 

%y arithmetic operating portion 7 , the non-soldered portion lb in 

j£ which irregular reflection occurs by lighting from both sides 

yi and the top face portion of the cream solder 2 are eliminated 

m 

~ so that an image shown in Fig. 10(b) , in which only the side 

inclined portion has a high luminance, is obtained. 

Therefore, the non-soldered portion lb is removed from 
the image, so that the inspection of the shape of the cream solder 
2 can be executed without considering the non-soldered portion 
lb. Therefore, only the inclined portion of the cream solder 
2 having a high luminance exists in this image and thus, the 
value of that inclined portion is compared with the reference 
value set up in the determining portion 8, for example, area 
value thereof. 

That is , a fact that area of a portion having a high luminance 
is larger than the reference value means that the side inclined 
portion of the cream solder 2 is mildly inclined, indicating 
that the solder amount is insufficient. Therefore, the area 
value and length of the inclined portion for determining that 



y * 



17 



the luminance at a certain inclination is proper are set up as 
a reference value and then the determination is carried out by 
comparing with this reference value. 

Then, if the determining portion 8 decides that the shape 
of solder is defective, a fact that the shape of the solder 2 
is defective is notified according to various well-known methods . 

According to the previously-described embodiment, in an 
image obtained by switching the lighting means 3, the 
non-soldering portion lb and the cream solder 2 near the light 
source of the lighting means 3 have a different angle of optical 
axis from the light source than the non-soldering portion lb 
and the cream solder 2 far therefrom, so that the luminance is 
different. Thus, by correcting following the difference of the 
optical axis, the non-soldered portion lb is removed completely 
and by inspecting the shape of the cream solder 2, whether or 
not the solder amount is appropriate can be determined 
accurately . 

Although in the above described embodiment, the method 
of using the lighting means 3 in which the LEDs are disposed 
in the form of a ring has been exemplified, a lighting means 
in which the LEDs are disposed in line as Fig. 11(a) and Fig. 
11 (b) is also capable of inspecting the shape of the cream solder 
with the non-soldering portion lb removed like the 
previously-described cases. 

Although the aforementioned bare pad means a pad in which 
the cream solder is not printed for the purpose of design, in 
case of apad which shouldbe printed with the cream solder properly 
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but is turned to a bare pad because of printing failure, all 
or part of data in that inspection portion is removed, so that 
whether the shape of the cream solder is appropriate can be 
determined . 

According to the present invention, as described above, 
light is irradiated to the creams solder from substantially 
besides in at least two directions opposing each other 
alternately through a lighting means so as to obtain at least 
two images, a difference between those images is calculated to 
obtain information about the height of the cream solder and then, 
whether or not the shape of the cream solder is appropriate is 
determined. Thus, when the top portion of the cream solder is 
scraped in process of screen-printing, it is possible to detect 
and determine that that condition is improper. 

Luminance of reflected light from the cream solder at a 
low place is classified to plural grades of high, medium and 
low, for example and then, by finding which grade the luminance 
introduced from the obtained difference belongs to, whether or 
not the shape of the cream solder is appropriate is determined. 
As a result , it is possible to set up the criterion for determining 
whether the shape of the cream solder is acceptable freely. 

Further, light is irradiated to the cream solder from 
substantially besides in at least two directions opposing each 
other alternately through the lighting means so as to obtain 
at least two images , a difference between those image is obtained 
to obtain information about the height of the cream solder and 
whether or not the amount of the cream solder is appropriate 



is determined based on the information about the height thereof . 
As a result, the amount (volume) of such a minute cream solder 
can be obtained simply and easily . Thus , by comparing the amount 
of the cream solder obtained in this manner with a reference 
solder amount preliminarily memorized, whether or not the shape 
of the cream solder is appropriate can be determined quickly 
and accurately. 

Further, light is irradiated to the non-soldered portion 

0 

such as a silk-printed portion formed on a printed circuit board 
alternately with the lighting means, the reflected light from 

=» 

T| the non-soldered portion is photographed with the camera and 

i'fZ 

^ a difference between at least the two bright/dark images is 

obtained to remove the non-soldered portion from the image. 
Consequently, the image of the non-soldered portion is removed 
from the image fetched in with the camera upon inspection of 
the quality of the cream solder. Thus, that inspection on the 
quality of the cream solder can be executed without considering 
the non-soldered portion. Therefore, there is such an effect 
that the inspection can be carried out accurately and simply. 
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